A turbulent external environment is widely believed to have damaging effects on public service performance. Much less consensus has been reached on whether the best response to turbulence is to retain or alter existing organizational structures. We provide the first comprehensive empirical analysis of these issues by testing the links between turbulence, structural stability, and performance in a large sample of public organizations. Our results show that turbulence has a negative effect on performance, and that this is compounded by internal organizational change. Thus public managers can mitigate the harmful effects of volatility in the external environment by maintaining structural stability.
change, and local crises such as the closure of a major private company or a significant decline in intergovernmental revenues.
How is the performance of public organizations affected by unpredictable changes in their external environment? Do unexpected movements in social and economic circumstances help to stimulate good results by keeping public managers on their toes, or do they undermine performance by making it difficult to design and deliver reliable services? And, when confronted by turbulence, should public organizations seek to quickly alter their internal arrangements, or should they maintain structural stability in an attempt to buffer the external instability? In other words, is structural change adaptive or disruptive if the external environment shifts in unexpected ways? These questions have received very little attention in the burgeoning literature on public service performance, most of which has focused on internal management variables. In contrast, changes in external variables that might influence organizational results have seldom been examined. Furthermore, although case studies (Thomas, 1993 ) and reviews (Fernandez & Rainey, 2006) of organizational change in the public sector have been undertaken, the relationship between external change, internal change, and performance has not been theorized, or tested on a large sample of public organizations.
In the first part of this article, we discuss the concept of environmental turbulence, and review prior work on its impact on organizational success and failure. We develop arguments on the ability of managers to mitigate any negative consequences of turbulence by maintaining the structural stability of their organizations. We then outline our data and methods before presenting statistical evidence on the relationship between external turbulence, internal stability, and public service results. This evidence allows us to derive implications for theories of organizational performance and draw lessons on effective structural responses to turbulence.
Prior Research on Environmental Turbulence
Two broad dimensions of organizational environments can be distinguished (Scott, 2003) . The first is the task environment, which constrains the technical operations of an organization. Major dimensions of the task environment of public organizations include financial resources and the characteristics of service recipients. The second is the institutional environment, which includes the policies and regulatory frameworks of higher levels of government that influence organizational legitimacy. In this article, we focus on the task environment because we are analyzing organizations in a single state that face a common set of institutional constraints.
The idea that the external environment has an influence on organizational performance is widespread in the generic management and public management literatures. For example, Lynn, Heinrich, and Hill's (2000) "logic of governance" model includes political, economic, legal, and social dimensions of organizational context. These in turn are postulated to have direct effects on performance, and indirect effects through their influence on organizational structures, processes, and managerial behavior. Boyne's (2003) categorization of "sources of public service improvement" also includes environmental dimensions, such as economic resources, political regulation, and market structure. Similarly, the O' Toole and Meier (1999) model of public service performance includes a vector of environmental variables that constitute the context for managerial action. The concept of the organizational environment in these models, however, has not been clearly elaborated; and the theoretical and empirical effects of turbulence, in particular, have not been explored.
In this section of the article, we begin to repair this gap in models of the performance of public organizations by addressing three issues. First, what does "turbulence" mean, and how does it fit into a wider conceptualization of the external environment? Second, what is the pattern of the existing evidence on turbulence and performance, and what are the strengths and weaknesses of the empirical studies that have examined this issue? Third, how should organizations that face a turbulent environment respond to this external pressure? In particular, does existing theory and evidence suggest that the best response to turbulence is to alter internal structures or keep them stable?
The Concept of Turbulence
Turbulence is one element of general models of the task environment that constrains organizational behavior and performance. The origin of these models can be traced to Emery and Trist's (1965) work on the "causal texture" of organizational environments. Subsequent research decomposed the environment into a variety of dimensions which were crystallized by Dess and Beard (1984) into three main categories: munificence, complexity, and dynamism. This trio of concepts has become the dominant paradigm in studies of organizational environments (Castrogiovanni, 2002; Harris, 2004; Sharfman & Dean, 1991) .
The concept of munificence refers to the potential for organizational growth and development and is usually interpreted as the available economic resources. Thus an organization that operates in a geographical Boyne, Meier / Environmental Turbulence and Public Service Performance 801 region or public service sector in which resources are plentiful is blessed by a munificent environment. In contrast, a public agency that is located in a poor region (and thereby finds it difficult to raise revenue from taxes and fees), or is responsible for delivering a service that is viewed unfavorably by budget makers, is cursed by a hostile environment. Theoretical arguments on environmental munificence resonate strongly with evidence that abundant resources are associated with better performance by public organizations (Boyne, 2003) .
The term "complexity" refers to the homogeneity or heterogeneity of the external circumstances that confront an organization. In the public sector, this mostly covers the characteristics of the organization's clients. An agency that is responsible for dealing with only one segment of the population (e.g., an age cohort or ethnic group) may be regarded as operating in a simple environment. In contrast, a public organization that is charged with providing services to a heterogeneous population with a range of different needs is faced by a complex environment. This complexity imposes extra burdens that are associated with identifying the various groups, eliciting their needs, and designing and delivering a mosaic of services that matches the diversity of the population. The negative effect of complexity on performance is supported by a wide range of evidence on public organizations (e.g., Andrews, Boyne, Law, & Walker, 2005; Fernandez, 2005; Heinrich & Fournier, 2004) .
The third and final element of Dess and Beard's (1984) model is the change over time in munificence and complexity, which they refer to as "dynamism." A number of critics have noted that their concept of dynamism conflates at least three elements of environmental change (Buchko, 1994; Wholey & Brittain, 1989) . The first is the frequency of change, which may vary from seldom (a static environment) to often. The interpretation of "high frequency" depends on the periodicity of external events. For example, if the allocation of resources to an agency occurs only through the annual budget, then the frequency of munificence dynamism is fixed at once per year. The second element of environmental change is the amplitude of shifts in munificence or complexity-how large are the changes from one period to the next? These two elements of environmental change are important but are not, in themselves, likely to have a strong impact on organizational performance. If managers are aware of the frequency of change, then this can be built into plans for service delivery. For example, Wholey and Brittain (1989) argue that "managers can anticipate the regularly occurring cycles that characterize seasonality and deal with them through staffing adjustments such as hiring part-time employees" (p. 87). Similarly, if changes are large but known in advance, then this may not destabilize the performance of an organization. For example, a budget cut that is signaled well before its implementation can give organizations time to acquire other resources or alter their procedures to minimize the impact of lower munificence. Thus the crucial element of environmental dynamism is not frequency or amplitude but turbulence, which is usually interpreted as the "unpredictability" of change (Milliken, 1987) . If shifts in external circumstances are predictable, then the impact on organizational performance is likely to be small; in contrast, if the future is difficult to predict on the basis of current knowledge and past experience, then the adverse consequences for performance may be substantial.
In sum, turbulence is unpredictable change in the munificence and complexity of an organization's environment. Turbulence is not simply a dynamic environment, because the extent of change is unexpected. Furthermore, the larger the unpredictable change, the bigger the negative impact on organizational results.
Evidence on Turbulence and Performance
The impact of turbulence on performance has been investigated in a series of empirical studies, most focused on private sector organizations. A majority of these studies support the proposition that turbulence has a negative effect on performance (e.g. Anderson & Tushman, 2001; Li & Atuahene-Gima, 2001; Lin & Germain, 2003; Kuivalainen, Sundqvist, Puumalainen, & Cadogan, 2004; Power & Reid, 2005) . These results must be interpreted with caution, however, because the measures of turbulence are often problematic.
First, some studies use measures that refer to the volatility of organizational outputs or the internal environment rather than the external environment. For example, Power and Reid's (2005) measure of turbulence is the number of changes that occur within an organization. They argue that "a relatively high number of changes signals that the . . . firm is operating in a turbulent environment" (p. 419). Although organizational change may in part be caused by a turbulent environment, it can also be generated internally (e.g., by the arrival of a new chief executive). Organizational change, therefore, is a poor proxy for environmental turbulence; and Power and Reid's (2005) negative coefficient for this variable in fact suggests that performance is hampered by internal rather than external instability.
A second problem with the measures of turbulence is that many are based on the perceptions of senior managers rather than the objective characteristics Boyne, Meier / Environmental Turbulence and Public Service Performance 803 of the environment (e.g. Li & Atuahene-Gima, 2001; Kuivalainen et al., 2004) . A number of studies have found substantial differences between subjective and objective measures of environmental change (see Boyd, Dess, & Rasheed, 1993; Tosi, Aldag, & Storey, 1973) . Some executives understate, whereas others overstate the degree of turbulence, which clearly attenuates the measures of environmental volatility. Even if senior managers mistakenly perceive the organizational environment as stable, this will not protect them from potentially adverse consequences. For example, decisions taken on the basis of a misperception of a steady flow of resources will quickly unravel when the actual budgets turn out to be volatile. As Castrogiovanni (1991) and Boyd et al. (1993) argue, models of managerial behavior or actions might usefully incorporate perceptual measures of the environment, but models of organizational performance should use objective measures.
The only two studies of the impact of turbulence on performance in the public sector both use perceptual measures of the environment. Koberg and Ungson (1987) examine the relative success of 88 schools in a northwest state in the United States. They test a subjective measure of the environment (the extent to which school administrators perceived unpredictable change in external circumstances) on a subjective measure of performance (the same administrators' assessment of the results achieved by their organizations). Despite the potential presence of common methods bias, Koberg and Ungson (1987) find no significant relationship between these variables. It is possible that objective measures of the environment and performance would have produced a different result. Lin and Germain (2003) examine the impact of "technological turbulence" on the performance of 205 stateowned enterprises in China. All the variables in their model are perceptual and drawn from a survey of one or two senior executives in each organization. Furthermore, the turbulence questions in the survey focus on the speed rather than the unpredictability of external change. For these reasons, only limited weight can be placed on their finding of a negative effect of turbulence on performance.
A final limitation of the existing empirical evidence is that no analysis has been undertaken of how organizations can respond effectively to turbulence. The direct effect of environmental volatility on performance has been tested, but none of the empirical studies has explored the important practical issue of whether or not internal organizational change moderates the impact of turbulence. We, therefore, turn next to an exploration of the theoretical arguments on this issue.
Organizational Responses to Turbulence: Stick or Twist?
Two structural responses are available to organizations that are faced by an unpredictable environment: stick with the existing structure and hope that internal stability will help them to weather the external storm, or "twist" to a different structural shape that may be more effective in the new circumstances. The relative merits of these structural responses to a turbulent environment have not been considered explicitly in prior empirical research. Nevertheless, it is possible to identify two main theoretical perspectives that provide alternative interpretations of whether it is better to stick or twist.
First, structural contingency theory suggests that organizations perform better if they adapt their internal characteristics to their external environment (Pennings, 1992) . The classic statement of this position by Burns and Stalker (1961) is that organizations in a complex and dynamic environment should adopt an organic structure, whereas those in a simple and stable environment are better served by a mechanistic structure. This "fit" with external constraints is assumed by contingency theorists to be necessary for high performance (Donaldson, 1996) . It follows that if the environment changes, then structure should also change, so turbulence will require internal adjustments. As Gordon, Stewart, Sweo, and Luker (2000) argue, "when environmental change is . . . difficult to predict, the organization must be capable of rapid change to survive" (p. 912). Structural change might be justified by senior managers on several grounds: that the external jolt is severe and requires an immediate response that turbulence is the "new normal" and better coping mechanisms are required, or that external variables such as munificence and complexity are likely to stabilize at their new levels and therefore, a structural adjustment is necessary. For any or all these reasons, internal structural change may be regarded as the appropriate reaction to external volatility.
The opposite conclusion can be derived from an alternative theoretical perspective. The theory of "structural inertia" (Hannan & Freeman, 1977 suggests that internal stability is the best response to a dynamic environment. Early versions of structural inertia theory, which is an element of the literature on the population ecology of organizations, implied that internal stability was a constraint rather than a choice, because adaptation to a changing environment was difficult if not impossible (Aldrich, 1999, p. 163) . Later work, however, accepted that "organizational changes of some kinds occur frequently and that organizations sometimes even manage to make radical changes in strategies and structures" (Hannan & Freeman, Boyne, Meier / Environmental Turbulence and Public Service Performance 805 1984, p. 149). Nevertheless, internal change is still viewed as counterproductive because the process is disruptive and undermines performance, regardless of the content of the change itself. As Hannan and Freeman (1977) argue, "organizations that attempt to adapt to each environmental outcome will spend most of their time adjusting structure and very little time in organizational action directed at other ends" (p. 958). Even if the substance of a new structure might eventually have positive effects, this is counteracted by the negative effects of shifting from one structure to another, especially in the short term (Greve, 1999; Haveman, 1992) . When structural change occurs, internal routines are destabilized and uncertainty is created. Furthermore, external relationships with other organizations may be damaged if outsiders are unclear about which part of the organization is responsible for what. Internal restructuring incurs a "liability of newness," which creates conditions that are difficult to manage. Amburgey, Kelley, and Barnett (1993) argue that "organizations that change frequently, though apparently very adaptive, would continually reset their liability-of-newness clocks" (p. 53). Their analysis of 1,011 Finnish newspapers over 193 years supports this view-organizational change is associated with a significantly higher rate of failure. The evidence from this study suggests that structural change generates internal turbulence that adds to the negative effect of external turbulence (whether the two types of change reinforce or mitigate each other is not directly tested). In contrast, if organizations stick with their tried and tested arrangements, then they are more likely to cope effectively with new external circumstances. The maintenance of internal stability allows managers and staff in a turbulent environment to understand how the organization works and what is expected of them, and thereby devote their efforts to dealing with the external challenge rather than grappling with the many problems of implementing internal reform (Fernandez & Rainey, 2006) . 
Summary and Implications
The essence of a turbulent environment is unpredictable shifts in munificence and complexity that make organizations harder to manage and jeopardize the achievement of good performance. Although this proposition has been tested empirically, evidence on public organizations is very sparse and incomplete, because the measures of the environment are perceptual and do not correspond closely with the concept of turbulence. In this article, we use objective measures of the unpredictability of external change, and examine the impact of this variable on the performance of a large sample of public organizations. We also extend previous research by examining whether the impact of turbulence on performance is reinforced or reduced by internal organizational stability, and thereby shed light on the relative merits of theories of structural contingency and structural inertia.
Measures
A good database to examine the impact of environmental turbulence, internal stability, and performance would contain these variables for a large number of organizations over a period of years. One existing database that meets these criteria and has been used extensively to examine questions of management and performance in the public sector (see Fernandez, 2005; Hicklin, 2004; Juenke, 2005; O'Toole & Meier, 2003; Pitts, 2005 ) is on Texas school districts. This database permits us to analyze our theoretical questions using 8 years of data on performance for slightly more than 1,000 school districts. Texas school districts are independent units of local government, charged with providing free public education in Grades K-12. These districts, on average, raise approximately 50% of their budgets from local sources (both taxes and some limited private fund-raising); the state of Texas provides about 45% of the funding with the federal government providing the remainder. Each school district is governed by a locally elected board of education that sets overall policies and budgets and hires a professionally trained superintendent to manage the district.
Even though these school districts operate in a single state, they are a highly diverse set of organizations. The average school district employs 516 full-time personnel, but the range is from 4 to 29,711. The districts run the full spectrum from rich to poor, urban to rural, and multiracial to monoracial as one might expect in a highly diverse state that contains approximately 8% of all school districts in the United States. The organizations are highly professionalized with elaborate certification requirements for individual positions. They also tend to be organized with relatively few layers of hierarchy and decision making decentralized to local schools and classrooms. To the extent that findings here can be generalized, therefore, they are more likely to fit organizations that are decentralized with a large number of professional employees.
We use a panel data set that includes 8 years' data on each school district. Panel data sets can be plagued by problems of serial correlation and heteroscedasticity (Baltagi, 1995) . The solutions to these problems are relatively straightforward. To deal with the serial correlation problem, a series Boyne, Meier / Environmental Turbulence and Public Service Performance 807 of dummy variables is usually included for each of the years (minus one for estimation purposes). Our estimations, however, use a lagged dependent variable (because turbulence should have an impact relative to prior performance) and serial correlation tests show no appreciable serial correlation. Diagnostic tests also showed only modest levels of heteroskedasticity, which was, therefore, not likely to affect the estimations.
Environmental Turbulence
We include measures of the turbulence of the munificence and complexity of the environment in our statistical model of school district performance. Munificence can be measured through two variables-the level of financial resources available and the size of the workload (number of students to be taught). Other things being equal, munificence varies positively with resources and the number of students. The complexity of a school district's environment is linked primarily to the characteristics of students.
2 In the U.S. school system, both race and social class play a significant role (Coleman, 1990; Jencks & Phillips, 1998) . Low-income students, many of whom are racial and ethnic minorities, tend to lack educational resources in the home and provide a greater challenge for school districts. Complexity increases when districts have more low-income, African American, and Latino students. The turbulence of the environment can thus be captured by the extent of unpredictability of changes in these five aspects of munificence and complexity.
We create five individual indicators of turbulence and then combine them into a single index. Texas school districts have only partial control over revenues. Funds from the federal and state governments are subject to changes in funding formulae, and these changes can create significant turbulence. Even local funds, which for many districts are the largest source of revenue, are subject to variation based on the local property tax base. The closing of an industrial plant or the collapse of the housing market can significantly influence school district finances. Revenue turbulence was measured following Rattsø (1999) by regressing this year's revenue on last year's revenue (after logging); the residual from this equation becomes a percentage change measure. The value of the residual for each school district shows the extent to which revenues deviate from the level that would be expected on the basis of the previous year's financial position. Because we are interested in turbulence as a concept rather than good or bad fortune attributable to the direction of change in the environment, the absolute value of the residual is used. To measure turbulence in enrollments, a similar regression measure is used with logged enrollment regressed on lagged (and logged) enrollment; an absolute value of the residual becomes the measure of enrollment turbulence.
Changes in the composition of the student body can be as important as changes in total enrollment simply because students can have significantly different educational needs. Three measures of student composition turbulence were used. The logged percentage of low-income students this year is regressed on the logged percentage of low-income students last year with the absolute value of the residuals again taken as a measure of turbulence. Similar measures were created for African American students and Latino students.
The five measures of turbulence are all positively correlated with each other, although the highest correlation is only .25 (between enrollment turbulence and Latino student turbulence). Because our concern is general turbulence in the environment rather than turbulence of a specific sort, and because we had no theory to suggest any of these items were more significant than the others, we weighted the measures equally and added them together. The resulting measure had a mean of 0.382 and a standard deviation of 0.348 with a positive skew (see Table 1 ).
3 A mean of 0.382 reveals that the sum of these five measures changes an average of 38.2% per year (or about 7.6% for each Boyne 
Organizational Stability Measures
Two measures of structural stability are used, one a vertical stability measure and the other a horizontal stability measure. Vertical stability is constancy in the overall assigned hierarchical roles of the organization. The following six roles are included: central administration, school-level administration, teachers, support staff (staff that support the instructional function), teacher aides, and auxiliary personnel (transportation, food services, etc.). To create a stability measure, the percentage of total employees in each of these classifications last year is subtracted from the percentage this year. These differences are then squared and summed with the square root of this sum essentially being a Euclidian distance measure of how close this year's vertical structure is to last year's. To transform this measure of change into a measure of stability, it is subtracted from 100 so that a perfectly stable organization has a value of 100. The mean is 95.4 with a standard deviation of 4.5; the distribution is negatively skewed. Although this measure is based on personnel, it reflects the hierarchical structure of the organization and can also be considered a measure of structural stability.
School districts also organize horizontally by specializing or differentiating their processes. This means sorting students into homogeneous categories and hiring specialized teachers for these groups of students. The Texas education system uses six classifications for teachers-regular education, compensatory education (for students who need temporary help to move up to grade level), special education (for students with diagnosed learning disabilities and mental problems), bilingual education (for limited English students), vocational education, and other education (primarily gifted and talented students). Districts vary substantially in how much they differentiate their teaching processes. A Euclidian distance measure was created for the change in percentages of teachers in each category and the measure was then subtracted from 100 to create a stability measure. Horizontal stability has a mean of 94.8 and a standard deviation of 4.3; it is negatively skewed. Again although this is a personnel-based measure, it taps into the degree of horizontal differentiation in the organization. Horizontal stability is empirically distinct from vertical stability; the two measures correlate at only .16.
Dependent Variables
This study uses two dependent variables: the percentage of students who pass the state standardized exam and the percentage of students who are designated by the state agency as "college ready." The most salient indicator of education performance at this time was the overall student pass rate on the Texas Assessment of Academic Skills (TAAS; this was replaced by the Texas Assessment of Knowledge and Skills [TAKS] in 2003; the exams generate similar results). The TAAS was a standardized, criterion-based test that all students in Grades 3 through 8 and 11 had to take. The Grade 11 exam was a high-stakes test, and students were required to pass it to receive a regular diploma from the state of Texas. TAAS scores were used to rank districts, and the examination results were without question the most visible indicator of performance used to assess the quality of schools. Our measure is the percentage of students in a district who passed all (reading, writing, and math) sections of the TAAS. 4 Many parents and policy makers are also concerned with the performance of school districts regarding college-bound students. Our measure of college-bound student performance is the percentage of students who score more than 1,110 on the SAT (or its ACT equivalent). SAT and ACT tests are given to students with college-level aspirations, and one or the other exam is required by virtually every U.S. institution of higher education. The Texas Education Agency has defined test scores more than the 1,110 level as an indicator of college readiness, and all districts have to report these data to the state. The two measures are only moderately correlated (r = .42).
Control Variables
Environmental turbulence is a change measure and as a result, its impact on performance should be relative to the organization's prior performance. To account for this dynamic relationship between turbulence and performance, each equation will include a lagged dependent variable. Including such a variable also provides greater confidence that the findings are not spurious because we have omitted a key variable. Any variable omitted from the regression would likely also affect past values and thus be part of the lagged dependent variable.
Any assessment of public program performance must also control for the level of munificence and complexity. Fortunately, a well-developed literature on educational production functions (Krueger, 1999; Todd & Wolpin, 2003) can be used for guidance in measuring these external Boyne, Meier / Environmental Turbulence and Public Service Performance 811 constraints on performance. Eight variables, all commonly used, are included in our analysis-three measures of task complexity and five measures of munificence.
Schools and school districts clearly vary in how difficult it is to educate their students. Some districts have homogeneous student populations from upper-middle-class backgrounds. Students such as these are quite likely to do well in school regardless of what the school does (see Burtless, 1996) . Other districts with a large number of poor students and a highly diverse student body will find it more difficult to attain high levels of performance because the schools will have to make up for a less supportive home environment and deal with more complex and more varied learning problems (Jencks & Phillips, 1998). Our three measures of task difficulty are the percentages of students who are Black, Latino, and poor. The last-mentioned variable is measured by the percentage of students who are eligible for free or reduced-price school lunch. All three measures should be negatively related to performance.
A growing literature of well-designed longitudinal studies confirms that, like other organizations, schools with more resources generally fare better (Krueger, 1999; Wenglinsky, 1997) . Five measures of resources are included. The average teacher salary, percentage state aid, and class size are directly tied to monetary resources. The average years of teaching experience and the percentage of teachers who are not certified are related to the human resources of the school district. Class size and noncertified teachers should be negatively related to student performance; teacher experience and teacher salaries should be positively related to performance. The appropriate sign for percentage state aid is not clear. Table 1 provides descriptive statistics for all variables used in the analysis. Table 2 presents the regression results for the impact of environmental turbulence on both TAAS scores and high-college board scores. Turbulence shows the predicted negative relationship for both variables. For TAAS scores, the mean level of turbulence (0.382) reduces the predicted level of TAAS scores by 0.274 points in the current year. This is the first year impact only, however, with future impacts working through the lagged dependent variable; these future impacts decline in a geometric distributed lag (Greene, 2000) . One can determine the long-term impact of these changes by dividing the coefficient by one minus the slope of the lagged 812 Administration & Society dependent variable. In this case, the total impact over time of the mean level of turbulence is approximately 1.0 points. Although the impact of turbulence is relatively small for the average organization, one should keep in mind that these organizations (many in existence for more than 100 years) are likely to have developed processes for dealing with turbulence. Furthermore, more than 300 school districts face high levels of turbulence (scores above 1.078 on the scale, two standard deviations above the mean). At that level of turbulence, one would predict an immediate drop of 0.88 points in the first year and a total long-term drop of 3.2 points. If the organization continues to face high levels of turbulence from year to year (the year to year correlation is .50), the cumulative impact of this environmental turbulence over several years could be substantial.
Findings
For the college-board scores, the level of explained variation is much lower, which reflects the greater volatility of this aspect of school district performance from year to year. A small number of students are likely to Boyne, Meier / Environmental Turbulence and Public Service Performance 813 Note: ns = not significant.
score at the very top range of college scores, particularly in small districts (when the analysis is restricted to districts with more than 1000 students, the R 2 jumps to .69). The impact of average levels of turbulence in a district (.382) is associated with a drop of .48 percentage points in students who receive a SAT score of 1,110 or higher in the first year and a cumulative impact of .79 points (first year drop is approximately 2.5%, based on the mean of 19.0%). At turbulence levels of 1.078 or higher, the first year impact is 1.36 percentage points (about a 7.1% drop) with a cumulative impact of 2.2 points. For both TAAS scores and college-board scores, it is useful to remember that the measure of turbulence is the degree of change, which ignores whether that change is in a positive or negative direction. As such it is a pure measure of turbulence rather than a measure of resources or constraints.
Our discussion of theories of structural stability and environmental turbulence produced two contradictory hypotheses. Our first test of these competing hypotheses involves the measure of vertical structural stability, the structuring of positions in a hierarchical manner. To examine how stable and less stable organizations deal with turbulence, we transformed the structural stability variable into a dummy variable that was coded as 1 if the organization had a vertical stability score of more than 95.4 (the mean).
6 This variable was then interacted with the environmental turbulence variable and added to the models that appeared in Table 2 . The results for the TAAS in Table 3 can be interpreted in the following manner. For less stable organizations, the interaction variable is equal to zero and thus drops out of the equation. This means that the slope for turbulence by itself is the slope for turbulence in less stable organizations. The slope is negative and significant, indicating that less stable organizations are negatively affected by environmental turbulence. For the more stable organizations the interaction remains in, and the impact needs to be interpreted in conjunction with both slopes. In that case (for the TAAS), the impact of turbulence is the sum of the two coefficients, or −.937 and +.458, which is equal to −.497 or about half the size of the base slope. In other words, organizations that are more stable hierarchically are less affected by environmental turbulence. Although the t score for the interacted slope indicates that the stable organizations are not statistically different in this regard from the less stable organizations (at the .05 level), the coefficient for the stable organizations does drop dramatically.
The regression equation for college-board scores can be interpreted similarly. The significant and negative coefficient for turbulence indicates that the performance of less stable organizations is negatively affected by environmental turbulence. The positive and significant coefficient for the interaction term indicates that more stable organizations are less affected by environmental turbulence. The relationship is still negative (−1.958 + 1.810 = −.148), but it is no longer statistically significant and can be considered essentially zero. In short, both equations provide support for the hypothesis that more hierarchically stable organizations are better able to cope with environmental turbulence.
Organizational stability is by definition a concept that changes slowly, and it might be the case that organizations can resist turbulence in the first year but eventually succumb to it in future years. To determine if this might be the case, we reestimated these equations to examine the impact of turbulence and vertical structure in the second, third, and fourth year after it occurred. Table 4 shows these results. For TAAS scores, after the first year, stability clearly trumps the impact of turbulence, at times generating positive coefficients that are larger than the size of the negative turbulence coefficients. For the college percentage variable, the results are different. Stability moderates the impact of turbulence in the first 2 years but has no Boyne Note: ns = not significant.
impact on the negative relationship in Years 3 and 4. Two factors could play a role here. The majority of students took the TAAS every year, but students take the ACT or SAT only at the end of their education. TAAS is also a higher priority for most school districts because they are officially evaluated on the TAAS performance but not on the performance on the college boards. These differences might be why stable vertical structures handle turbulence in regard to the TAAS quickly and dissipate its impact by year three, and why the impact on college-bound students is likely to persist and eventually overcome the positive impact of structural stability. Our second test of the moderating effect of organizational change involves our measure of horizontal structural stability-the degree of change in the differentiation of teachers (front line workers) to types of classes. Again, we dichotomize the horizontal structural stability measure by coding those with scores above 94.8 as more stable and those below as less stable (see Table 5 ).
For the TAAS, the coefficient for the less stable organizations is negative and significant (−1.056), but the coefficient for the interaction term is also positive and statistically significant. The resulting coefficient for stable organizations (−.526) remains statistically significant but has only half the 816 Administration & Society Note: Equations estimated for each year impact separately, with all control variables listed in Table 3 . ns = not significant.
impact. This means that whereas turbulence is negatively associated with performance for less stable organizations, the more stable organizations are less affected by turbulence. For college-bound students, the negative and statistically significant impact of turbulence (−1.918) for unstable organizations drops to (−0.385) for stable ones and is no longer statistically significant. In both cases, more stable organizations are less affected by environmental turbulence than less stable organizations. Table 6 examines the dynamics of the relationship between horizontal stability and turbulence over the subsequent 3 years. For TAAS scores, the pattern remains the same for the second year with a negative and generally significant impact on unstable organizations and a positive impact from the interaction that reduces the influence of turbulence on stable organizations. By Years 3 and 4, turbulence no longer has a statistically significant impact on TAAS performance. For college-bound students, the general pattern resembles that for vertical stability. In the second year, stability still Boyne, Meier / Environmental Turbulence and Public Service Performance 817 Note: ns = not significant.
mediates the negative impact of stability, but in Years 3 and 4, structure has no impact on turbulence. The general consistency of these findings with those in Table 4 leads one to the conclusion that over the entire 4-year time frame, turbulence has a different pattern of impacts on the TAAS score compared with the college-board scores The pattern with the decline in significance of the interactions in later years for the college boards implies that structural stability is only a good short-term strategy for this indicator. We might speculate that stability gives the organization time to assess the turbulence and make future changes in policy or structure. Longer term success on this indicator could well require some structural changes.
Our statistical results are consistent with the argument that, in a turbulent environment, structural change is disruptive rather than adaptive. This finding in turn supports structural inertia theory rather than contingency theories of how organizations should respond to shifts in the environment. The negative effect of structural change on performance can be explained in several ways. First, new structural arrangements in themselves may be disruptive and further destabilize an organization that is already facing a volatile environment. Structural change also means the addition of new people to perform the 818 Administration & Society Koberg (1987) found that structural change in response to environmental uncertainty in 21 school districts in a northwestern state was accompanied by changes in work procedures, personnel decisions, and budgetary processes. These secondary effects of structural change may lead to a destabilizing combination of external and internal turbulence. Finally, Freeman (1977, 1984) argue that structural stability is necessary to reassure stakeholders that organizations are reliable and accountable. In this case, structural change may jeopardize the perceived legitimacy of an organization, leading to further turbulence in the institutional rather than the technical environment. These arguments should not be taken to imply that public organizations cannot or should not adapt to environmental change. Shifts in external circumstances that are slow and predictable rather than sudden and unexpected may be conducive to effective structural adjustments. In addition, other types of internal change might be productive when turbulence occurs. For example, several studies have found that a shift in strategic orientation from defender to prospector is an effective response to an environmental jolt (Forte, Hoffman, Lamont, & Brockman, 2000; Zuniga-Vicente & Vicente-Lorente, 2006) . Similarly, as traditional management theory suggests, a shift from a mechanistic to an organic structure might be beneficial in a turbulent environment.
It is also important to note some limitations of our data. This study examined only one set of organizations and over only a short time period. The changes that occurred were also not catastrophic changes. It is possible that stability in the face of change is effective only in times and places of moderate environmental turbulence. It is also possible that the 8-year time frame masks changes that occur gradually over longer periods of time. Thus many issues remain to be investigated before wider conclusions on the performance consequences of organizational change in an uncertain environment can be drawn.
Conclusion
Public organizations in a turbulent environment face unpredictable shifts in their resources and service requirements. The revenue available is likely to change unexpectedly from one year to the next, and the numbers and characteristics of clients may also be volatile. This poses significant Boyne, Meier / Environmental Turbulence and Public Service Performance 819 challenges for public managers who must deal with the consequences while attempting to maintain service standards.
Although problems of turbulence have received some attention in the generic management literature, their impact on the performance of public organizations has not been analyzed rigorously or comprehensively. In this article, we have addressed this issue by examining the relationship between the volatility of the munificence and complexity of the environment of school districts and educational outcomes. Our results show that organizations in a turbulent environment find it more difficult to perform well, which is consistent with arguments that uncertainty about changes in finances and service needs places extra burdens on managers. The negative impact of turbulence can, however be mitigated if organizations maintain structural stability. In contrast, our evidence suggests that organizations that respond to external change by pursuing structural change are likely to perform more poorly that their stable counterparts. This suggests that structural inertia theory rather than contingency theory provides the best basis for understanding the links between turbulence, organizational stability, and performance, at least in the short run.
The benefits of structural stability may partly be contingent on whether an organization is a specialist or a generalist (Hannan & Freeman, 1977) . In the private sector, firms that operate in a number of markets may be able to weather turbulence without internal change because their risks are spread widely. Hannan and Freeman (1977) argue that "faced with unstable environments, organizations ought to develop a generalist structure that is not optimally adapted to any single environmental configuration but is optimal over an entire set of configurations" (p. 946). In contrast, turbulence may result in extinction for a specialist because its niche may simply cease to exist. In this case neither structural stability nor instability may protect a specialist organization from the adverse effects of turbulence. These arguments could usefully be explored in future research on public organizations, for example by comparing the effects of turbulence on multipurpose and single-purpose local governments.
Our research has a number of practical implications. Turbulence is bad for performance so steps should be taken to avoid it or minimize its effects. Although public organizations cannot simply quit a turbulent environment, they may be able to dampen the extent of volatility through creating networks of environmental actors in other organizations, especially those on which they are dependent for resources. Indeed, recent evidence on Texas School districts shows that proactive networking with key environmental actors has a positive impact on performance (Goerdel, 2006) . A complementary internal strategy may be to invest in environmental scanning to obtain early warnings about the potential extent of shifts in munificence and complexity. Finally, a simple structural response is available when turbulence occurs: stick with the existing structure rather than rushing toward a new internal division of functions and responsibilities. This may be more difficult in the public than the private sector because structural change is often mandated by higher levels of government. Nevertheless, internal stability is, at least in the short term, likely to be an effective buffer against instability in the environment of public organizations.
Notes
1. This discussion indicates that the proper internal response to external changes might be contingent on the size of the external change and the perceived persistence of that change. For smaller changes or changes that are unlikely to persist, internal stability appears to be a better strategy.
2. More students are a positive benefit because state aid is allocated on a per student basis. 3. The alternative measurement option is to factor analyze the five items. The factor score created correlates at .89 with the turbulence measure created here. The factor score was not as strongly related to performance as the additive index. This might be because a factor score picks up the common variance in the five items and an environment might be turbulent without being turbulent on all items simultaneously. We also created separate measures of munificence turbulence and complexity turbulence. Using these two measures adds no additional variance to the TAAS equation in Table 2 and actually results in slightly less variance explained in the college-percentage equation.
4. One might question whether TAAS scores in part determine enrollment levels as parents vote with the feet and leave districts (or do not locate to such districts in the first place) if a district's scores are low. To examine this possibility, we did the panel version of Granger causality analysis on enrollments and TAAS scores using two lags of the variables. When we did this, we could reject the null hypothesis that TAAS scores did not cause enrollments. In other words, low-TAAS scores were not associated with future enrollment drops. This conclusion holds only for this time period, however. With the implementation of the provisions of the No Child Left Behind law, one would expect low-performing districts to lose enrollments.
5. As an illustration, the Houston Independent School District started the 2002 school year with 176,000 students and these numbers continued to grow another 2 months to peak at 210,000. Any organization that can accommodate that many additional clients into a production process defined by specified time periods obviously has processes and procedures in place to deal with substantial turbulence.
6. We dichotomize the structure variable for clarity of presentation. It allows one to see the difference in slopes in the stable and the not so stable organizations, and it also permits a direct significance test rather than the conditional ones that would result from the full interval variable. We get similar results when using the full range of the variable.
